expression shifts from presumptive prestalk region during late aggregate to prespore cells in slug (Mohamed et al.,2015) . Sequence analysis of this region revealed canonical prespore specific activators including G-rich repeat element (GRE), Powell Coffman 1(PC1) -Powell Coffman 2 (PC2) pair and New element at positions -988/-979, -1013/-996 and -1424/-1417 respectively. Three promoter specific CA rich elements (CAEs) at -578/-568(CAE1), -613/-603(CAE2) and -781/-770(CAE3) respectively were identified which may act as activator or repressor in either prestalk or prespore specific manner.
To understand the significance of these elements and validate its predicted role, further deletion analysis was performed. A strong slugspecific prestalk repressor and a general activator were identified at -603/-569 (includes CAE1) and -804/-764 (includes CAE3) respectively suggesting CAEs are important for regulating pkcA expression as in many Dictyostelium promoters. This study suggests that pkcA promoter encompasses both prestalk and prespore activator elements but it is suppressed in prestalk cells during development. This suppression is brought by different regions of pkcA promoter at different developmental stages. Maternally inherited noncoding RNAs (ncRNAs) can regulate zygotic gene expression across generations. Recently, many stable intronic sequence RNAs (sisRNAs), which are by-products of premRNA splicing, were found to be maternally deposited and persist till zygotic transcription in Xenopus and Drosophila. In various organisms, sisRNAs can be in linear or circular conformations, and they have been suggested to regulate host gene expression. It is unknown whether maternally deposited sisRNAs can regulate zygotic gene expression in the embryos. Here we show that a maternally inherited sisRNA (sisR-4) from the deadpan locus is important for embryonic development in Drosophila. Mothers, but not fathers, mutant for sisR-4 produce embryos that fail to hatch. During embryogenesis, sisR-4 promotes transcription of its host gene (deadpan), which is essential for development. Interestingly, sisR-4 functions by activating an enhancer present in the intron where sisR-4 is encoded. We propose that a maternal sisRNA triggers expression of its host gene via a positive feedback loop during embryogenesis. Endochondral bones are formed as a cartilage template, which is subsequently replaced by bone tissue. To ensure correct bone formation, the differentiation from proliferating into hypertrophic chondrocytes and the formation of permanent cartilage in the joints is tightly regulated by a complex network of regulatory molecules. Recently, Hdacs have been identified as regulators of chondrocyte differentiation. Data of our lab indicate that chondrocyte specific transcription factors interact with a subset of Hdacs, thereby inducing their activity.
To get a deeper insight into the functional consequences of alterations in epigenetic marks linked to chondrocyte differentiation, we analyzed the epigenetic profile of the different chondrocyte populations. Using flow cytometry, proliferating chondrocytes were isolated from mice expressing YFP under the Collagen 2 promoter and from hypertrophic chondrocytes expressing YFP under the Collagen 10 promoter. Articular chondrocytes were dissected from femoral heads.
The epigenetic profile of the three cell types was analyzed by ChIP-Seq using a panel of chromatin markers including H3K9ac and H3K27ac for active promoters, H3K27ac for enhancers, H3K36me3 for expressed genes, H3K4me3 to detect genes primed for expression and H3K9me3 and H3K27me3 for repressed regions. In parallel, gene expression was assessed by RNA-Seq of microdissected chondrocytes. Initial bioinformatic analyses identified similar numbers of expressed genes in all chondrocyte populations, whereas the number and distance of enhancer elements, marked by H3K27ac, differs between proliferating and hypertrophic chondrocytes. We detected a dramatic increase of repressive histone trimethylation during differentiation. In addition, the number of bivalently marked genes carrying activating H3K4me3 and repressive H3K27me3 marks rises in hypertrophic cells. The bivalent mark mostly occurred on genes repressed in hypertrophic chondrocytes and might thus represent a first step in gene silencing. To elucidate distinct changes in chromatin structure during differentiation, we are currently characterizing defined chromatin states of the three cell types. During the life cycle of flowering plants, there is a switch of generations between the haploid gametophyte and the diploid sporophyte. In Arabidopsis, after double-fertilization, the fertilized egg and central cells develop into the embryo and endosperm, respectively, while the maternal integument develops into the seed coat. The factors controlling seed size via integument development act maternally, and those regulating seed size via endosperm or embryo development function zygotically. As endosperm development can be controlled by maternal tissues in some cases, it has been long proposed that their interplay may be mediated by a signal that moves between maternal tissues and endosperm. However, so far such a signal is largely unknown. Here we provide several pieces of evidence to suggest that TFL1 in maternal tissues is a hitherto unknown signal that triggers endosperm cellularization to control seed size of the progenies. We have also identified two potential TFL1 interacting partners that may mediate this regulatory process. Further investigation of TFL1 and its partners will shed important light on the mechanisms of seed size control in flowering plants. Both biotic and abiotic stress experienced by plants, is known to affect the genome integrity and can persist in the ensuing generation suggesting that environmental experiences are recorded and transmitted. Some of the features of transgenerational memory include elevated genome instability and a higher tolerance to stress in the offsprings. Although such non-DNA sequence based inheritance is described in a range of model organisms, the mechanisms are not clear. Here, we wanted to examine if the reproductive age affects the somatic mutation rates in the transgenerational progeny. We used transgenic plant Arabidopsis, carrying mutated and truncated β-glucuronidase based gene construct, where reversion of the mutated/truncated sequence back to restore the functional GUS reading frame which allow quantification of point mutation (PMR) and homologous recombination rates (SHR) respectively. We found that SHR were significant in parents derived from four different age groups i.e.38, 43, 48, and 53 Days after sowing (DAS) of grandparents and SHR were highest from plants of all ages derived from the 48 DAS grandparents. If grand parental age at reproduction is fixed, the SHR were the same among all four different age groups of parents. For two consecutive generations, the SHR were the same from age groups (38 and 43 DAS) of grandparents and great grandparents but significantly decreased at 48 DAS age group in great grandparental generation. When the plants were self-pollinated at 43, 48 and 53 DAS, the PMR increased with the increase in grandparent age and the highest PMR were from 48 DAS plants, but in 38 DAS plants the PMR decreased with the increase in grandparent age. When grandparental age at pollination was fixed at 38 and 43 DAS, the point PMR decreased significantly with the increase in parent age, but in 48 DAS it increased significantly with increase in parent age. A comprehensive understanding of the mechanisms underlying heart formation is crucial for uncovering causes of congenital heart diseases. However, we still have an incomplete understanding of the gene regulatory networks that drive early cardiac lineage specification.
Here we exploited the advantages of zebrafish model to study this conserved process. During our search for early cardiac lineage markers, we focused on a recently identified mouse cardiac enhancer (Smarcd3-F6) and generated a zebrafish GFP reporter line driven by it. We confirmed that the Smarcd3-F6 enhancer marked a population enriched for cardiac lineages in zebrafish by in-situ hybridization, immunostaining and RNA-seq.
In order to discover cardiac regulatory programs during early development, we conducted single-cell mRNA-seq within the Smarcd3-F6+ population at the end of gastrulation. We identified a cluster of cells that co-expressed known cardiac markers as well as some novel genes. Using in-situ hybridization, we determined 14/18 novel genes identified from the single-cell 'cardiac cluster' are expressed in embryonic cardiac domains and regulated by cardiac transcription factor Gata5/6.
To identify regulatory elements controlling early heart development, we profiled open chromatin using ATAC-seq and identified 3838 Smarcd3-F6+ specific open regions that were enriched for the Gata DNA binding motif and heart developmental pathways. By using direct and transitive human-zebrafish sequence alignments, we found 176 ATAC-seq peaks overlap anciently conserved noncoding elements. In vivo reporter assay of 21 anciently conserved open regions revealed 13 enhancers that act as enhancers in zebrafish hearts. Several of those conserved regions were found hundreds of kilobases upstream of cardiac genes (HAND2, MEF2C) in the human genome, and the human sequences also drove cardiac expression in zebrafish.
Overall, our cross-species comparative and functional analysis of zebrafish and human open chromatin regions identified a novel set of genes and ancient enhancers that are actively expressed in early vertebrate heart development. Only few histone modifications have been mapped in human brain. Trimethylation of histone H3 at lysine 4 (H3K4me3) is a chromatin modification known to mark the transcription start sites (TSS) of active gene promoters. Regulators of H3K4me3 mark are significantly associated with the genetic risk architecture of common neurodevelopmental disease, including schizophrenia and autism. Here, through integrative computational analysis of epigenomic and transcriptomic data based on next generation sequencing, we investigated H3K4me3 landscapes of FACS sorted neuronal and nonneuronal nuclei in human postmortem, non-human primate (chimpanzee and macaque) and mouse prefrontal cortex (PFC), and blood. We characterized the broad H3K4me3 histone domains from human PFC in the context of cell-type specific regulation, association with neuronal and non-neuronal gene expression and potential implications for normal and diseased development. We first addressed the occurrence and the biological significance of the broad H3K4me3 histone domains in three different cell types, including NeuN+ PFC neurons, NeuN-PFC cells, and nucleated blood cells and then identified novel regulators of these three different cell types by focusing on top 5% broadest H3K4me3 peaks (length in base pairs). In PFC neurons, broadest peaks ranged in size from 3.9 to 12kb, with extremely broad peaks (~10kb or broader) related to synaptic function and GABAergic signaling (DLX1, ELFN1, GAD1, LINC00966). Broadest neuronal peaks showed distinct motif signatures, and were centrally positioned in prefrontal gene bayesian regulatory networks. Approximately 120 of the broadest H3K4me3 peaks in human PFC neurons, including many genes related to glutamatergic and dopaminergic signaling, were fully conserved in chimpanzee, macaque and mouse cortical neurons. Exploration of spread and breadth of lysine methylation markings in specific cell types could provide novel insights into epigenetic mechanism of normal and diseased brain development, aging and evolution of neuronal genomes. doi:10.1016/j.mod.2017.04.400
